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Abstract. - We present the results of Thuan & Gunn r CCD imaging observations of the Universidad Complutense 
de Madrid (UCM) sample of emission-line galaxies (ELGs), selected by the presence of H a  emission in low-resolution 
objective prism spectra. In this work we characterize photometrically and morphologically a total of 212 objects 
from the UCM survey. This Paper presents the observations and basic reductions, and lists a set of photometric 
parameters calculated for each UCM object. In addition, for the first time in a ELGs sample, we have determined the 
morphological classification of the objects using simultaneously five different criteria. 
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1. Introduction 
The UCM H a  objective-prism survey is being carried 
out with the main purposes of identifying and studying 
new Young, low metallicity galaxies and quantifying the 
properties of the star formation in the local universe. To 
achieve these goals it is necessary to characterize photo- 
metrically and spectroscopically the emission-line galaxies 
(ELGs) of the UCM sample. The specific details of the 
UCM survey have already been summarized in the first 
and second lists (Zamorano et al. 1994; 1995) of Our ex- 
ploration. Since the spectroscopic results of the sample are 
presented in Gallego et al. (1995), we will concentrate here 
in the photometric characteristics of the survey. 
Although some important samples of ELGs selected 
from objective prism plates have been imaged in the blue, 
e.g. the University of Michigan (UM) survey (Salzer et 
al. 1989) or in the red spectral band, e.g. the Wasilewski 
(Was) survey (Bothun et al. 1989), a systematical mor- 
phological classification of the selected objects has never 
been undertaken. Here, for the first time, we character- 
ize morphologically a sample of objects selected by the 
presence of emission lines in their objective prism spectra. 
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In this Paper, we analyse a sample of 212 ELGs candi- 
dates extracted from UCM lists 1 and 2 (Zamorano et 
al. 1994, 1995). The obtained CCD images have been 
used (1) to compute basic photometric properties (size 
and luminosity) of the UCM objects; (2) to obtain, via 
surface photometry, a set of specific photometric para- 
meters (bulge+disk decomposition, concentration indices 
and mean surface brightnesses), and (3) to determine the 
Hubble type of these ELGs. In Paper II (Vitores et al. 
1995) a statistical analysis of the UCM sample will be 
presented: In particular, we will make a comparison with 
other samples of normal and emission-line galaxies and we 
will analyse the possible influence of the environment in 
the presence and nature of ELGs. 
2. Observations and reductions 
2.1. Observations 
A set of CCD images (including bias,dark, flat-field, cali- 
bration stars, UCM objects and galaxies for comparison) 
was acquired through a Thuan & Gunn (1976) T filter. The 
2.2 m and the 3.5 m telescopes of the Calar Alto German- 
Spanish Observatory (Almeria, Spain) were used to  per- 
form the observations during eight runs from December 
1988 to January 1992. The r filter was chosen since it 
includes the Ha+[NII] blend, the basic feature used for 
the selection in the IIIaF+RG630 objective prism plates. 
Most of the images were taken at the Cassegrain focus 
of the 2.2 m telescope to obtain a spatial scale suitable 
to the rather small sizes of the galaxies. Nevertheless, the 
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faintest objects were observed at the prime focus of the 
3.5 m telescope. In the case of the images taken with the 
RCA detector, an on-chip binning was made in order to  
increase the SIN ratios. Table 1 summarizes the instru- 
mental setups used during different observing runs. The 
typical seeing was N 1!’5-2!’0. Some images, taken with 
worse seeing but in good photometric conditions, were 
only used for calibration purposes, being repeated dur- 
ing subsequent nights with better seeing conditions. Al1 
the images taken in the five non-photometric nights were 
also repeated. Exposure times ranged between 900 s and 
1800 s. 
2.2. Basic reduction and caiibration 
Basic reduction of the data was made using the MIDAS 
(Munich Image Data Analysis System) software package, 
developed at E S 0  (European Southern Observatory). The 
CCD frames were debiased and flat-fielded by using dome 
and sky flats, and any dark current effect was removed in 
the subtraction of the sky level. The images taken during 
the run of June 1989 needed an additional processing in or- 
der to remove a remanent additive effect in some columns 
of the chip. The images were also cleaned for cosmic ray 
impacts. Due to the relative small surface of the chip cov- 
ered by Our galaxies, there is a large fraction of the detec- 
tor free of objects which guarantees the determination of 
the sky level. After processing, the sky background of the 
images was flat to  i%-2% levels. 
Finally, the magnitudes of the objects were measured 
using an interactive aperture photometry routine which 
allows to compute the flux of the objects using circular 
apertures with variable diameters, and subtracting the 
sky background level measured inside an aperture with the 
same size in clean regions, free of contamination. Then, the 
data were converted to photometric magnitudes using the 
extinction and zero point constants derived from observa- 
tions of a set of standard stars from the lists of Thuan & 
Gunn (1976) and Kent (1985a) taken along each night. Ta- 
ble 2 presents the apparent magnitudes (the listed errors 
include photometric calibrations and poissonian contribu- 
tions) which have been converted to absolute magnitudes 
using Ho = 50 km s-l Mpc-’ and the redshift measured 
in the spectra, when available, by Gallego et al. (1995). 
These values were corrected for galactic extinction using 
A,  = 2.51 E ( B  - V ) ,  where E ( B  - V )  was determined 
from the Burstein & Heiles (1982) maps at the galactic 
coordinates of each UCM object. The uncertainties in the 
zero points of the photometric calibrations are listed in 
the last column of Table 1. 
In order to  investigate the reliability of the estimated 
errors in the total magnitudes, we have analysed the con- 
sistency of repeated measurements. From the rms devia- 
tions of the values for 12 galaxies in common among differ- 
ent runs, we have estimated an external error of 0.065 mag. 
This agrees quite well with the expected error for a typ- 
ical galaxy of this subsample (0.068 mag). Furthermore, 
no systematic offset in the zero points between different 
runs has been observed. Therefore, and although the sam- 
ple with repeated observations is scarce, we are confident 
that no systematic errors are involved. 
As a further consistency test, we have compared Our 
estimated total magnitudes with those derived by Bothun 
et al. (1989) for 10 galaxies from the Wasilewski sample 
(these objects were included in Our runs for comparison 
purposes). Although we have not found any significative 
mean offset (0.01 mag) between both samples, the rms dis- 
persion around the mean (0.48 mag) is significantly larger 
than Our interna1 errors. Since Bothun et al. (1989) do not 
provide their error estimates, this large dispersion does not 
necessarily mean any additional error source in Our data. 
2.3. Surface photometry reduction 
In order to characterize the specific morphology of the 
UCM objects it is necessary to analyse the spatial distribu- 
tion of the light along the radius. To achieve this, we have 
reduced the bidimensional information of the CCD frames 
to a one-dimensional one by the determination of surface 
brightness profiles. The basic surface photometry reduc- 
tion was performed with the program PROF (PROFiles) 
of the GASP (Galaxy Surface Photometry) package writ- 
ten by Cawson (1983) and modified by Gonziilez-Serrano 
& Pérez-Fournon (1991) and de Juan y Ruiz (1994). The 
intensity images were fitted by ellipses which center, ellip- 
ticity and position angle were allowed to Vary. Intensity 
levels of each isophote were then converted to surface 
brightness, and radial profiles (using the equivalent radius, 
that is, the geometric mean of the semimajor and semimi- 
nor axes of each elliptical isophote) of surface brightness, 
position angle and ellipticity were derived. 
2.4. Fitting o f  the surface brightness profiles 
The equivalent surface brightness profiles were fitted by 
a sum of bulge+disk empirical laws. We have used the 
classical 7-1/4 law for the bulge component (de Vaucouleurs 
1948) 
1 / 4  
p = p e + 8 . 3 3 ( ( k )  -1) 
and the exponential law for the disk component (Freeman 
1970) 
Our decomposition technique is similar to  the 
Schombert & Bothun (1987) method (based on a x2 mini- 
mization of the differences between the observed and the 
sum of the theoretical profiles), although we have intro- 
duced some modifications. Our procedure is the following: 
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Table 1. Log-book of observations 
date of telescope focus detector pixel size detector size scale field rms 
observation (Pm) (pixel') ("/pixel) zero point 
12 Dec. 1988 
13 Dec. 1988 
14 Dec. 1988 
29 Jun. 1989 
30 Jun. 1989 
1 Jul. 1989 
2 Jul. 1989 
3 Jul. 1989 
4 Jul. 1989 
25 Jan. 1990 
26 Jan. 1990 
27 Jan. 1990 
28 Jan. 1990 
29 Jan. 1990 
18 Jun. 1990 
19 Jun. 1990 
20 Jun. 1990 
11 Sep. 1990 
1 2  Sep. 1990 
13 Sep. 1990 
14 Sep. 1990 
11 Dec. 1990 
12 Dec. 1990 
13 Dec. 1990 
14 Dec. 1990 
5 Jul. 1991 
6 Jul. 1991 
7 Jul. 1991 
8 Jul. 1991 
9 Jul. 1991 
30 Jan. 1992 
31 Jan. 1992 
1 Feb. 1992 
2 Feb. 1992 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
3.5 m 
3.5 m 
3.5 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
2.2 m 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
C assegr ain 
Cassegrain 
C assegr ain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Prime 
Prime 
Prime 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
Cassegrain 
C assegrain 
Cassegrain 
RCA#11 
RCA#11 
RCA#11 
RCA#11 
RCA#11 
RCA#11 
RCA#11 
RCA#11 
RCA#11 
RCA#11 
RCA#11 
RCA#11 
RCA#11 
RCA#11 
RCA#10 
RCA#10 
RCA#10 
RCA#11 
RCA#11 
RCA#11 
RCA#11 
RCA#11 
RCA#ll 
RCA#11 
RCA#11 
GEC#15 
GEC#15 
GEC#15 
GEC#15 
GEC#15 
GEC#15 
GEC#15 
GEC#15 
GEC#15 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
22.5 
22.5 
22.5 
22.5 
22.5 
22.5 
22.5 
22.5 
22.5 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
512 x 320 
1155 x 768 
1155 x 768 
1155 x 768 
1155 x 768 
1155 x 768 
1155 x 768 
1155 x 768 
1155 x 768 
1155 x 768 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.50 
0.50 
0.50 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
310 x 119 0.03 
310 x 119 0.03 
310 x 119 0.03 
310 x 119 O. 16 
310 x 1!9 0.04 
310 x 1!9 0.03 
310 x 119 0.08 
310 x 1'9 0.01 
310 x 119 no photometric 
310 x 119 0.01 
310 x 119 0.02 
310 x 119 0.02 
310 x 1!9 no photometric 
310 x 1!9 0.02 
413 x 2!7 0.08 
413 x 2!7 0.08 
413 x 2!7 0.07 
310 x 1!9 no photometric 
310 x 1!9 0.08 
310 x 119 0.05 
310 x 1'9 no photometric 
310 x 119 0.07 
310 x 119 0.07 
310 x 1!9 0.07 
310 x 1!9 0.07 
510 x 3!3 0.05 
510 x 3!3 no photometric 
510 x 313 0.05 
510 x 313 0.06 
510 x 313 0.05 
510 x 313 0.01 
510 x 3!3 0.01 
510 x 3!3 0.01 
510 x 3!3 0.01 
i) We first represent the surface brightness profile ,LL versus 
the r1J4 distance scale (in this graph, the bulge dominated 
range of the profile, outside the inner region most influ- 
enced by the seeing effect, follows a straight line). ii) In 
this representation, we fit a least squares straight line to 
the range of the profile dominated by the r 1 f 4  law. In 
this way, an initial estimation of the bulge component is 
obtained. iii) We extrapolate this straight line to the in- 
ner part of the profile to roughly correct for the point 
spread function (PSF) flattening effect in the luminosity 
profile. iv) We represent, then, the reconstructed profile 
versus the radius (in this graph the disk dominated range 
of the profile follows a straight line) and obtain an initial 
estimate of the disk component fitting by a least squares 
straight line to the range of the outer profile dominated by 
the exponential law. v) From this initial guesses we start 
a x 2  minimization allowing the four parameters to Vary 
freely, within certain limits of the initial values. Finally, 
we obtain the four basic parameters for the bulge+disk de- 
composition ( p , ,  r,, po ,  &) and the bulge-to-disk ratio, 
as calculated from the equation: 
D dex (-0.4 (pe - po) )  (3) 
2.5. Reliability of O u r  bulge+disk (B+D) decomposition 
method 
To check the goodness and uncertainty of Our B + D de- 
composition method, we have created a set of 24 bidimen- 
sional synthetic images by combining the r1f4 and expo- 
nential laws with the four basic parameters ( p e ,  r,, po, d ~ ) ,  
chosen to simulate a wide range of conditions and B I D  
10 A.G. Vitores et al.: Photometric and morphological analysis of UCM galaxies. 1. 
ratios (B/D= 0.01-15.00). Each imagewas convolved 
with a gaussian PSF (with a typical seeing of FWHM = 
2”) and an artificial noise image was added. From these 
images, we used the PROF routine to obtain the elliptical 
contours and the radial surface brightness profiles. Then 
we applied Our B + D decomposition procedure to see how 
well the theoretical input values of the four parameters 
and the B / D  ratio were reproduced. 
The obtained results and the estimated uncertainty in 
each parameter show that, in general, the disk parameters 
are better reproduced t han the bulge parameters because 
the latter are worse defined, being more infiuenced by the 
seeing correction. In addition, the highest errors are ob- 
served in the cases in which one of the components (bulge 
or disk) clearly dominates over the other one. This con- 
firms the results of Kent (198513): a B + D decomposition 
should only be considered reliable when B / D  < 1.7. On 
the average, for the complete set of models, the rms scat- 
ters (fitted - theoretical) are -0.09 and 0.08 mag/arcsec2 
for the pe, po surface brightnesses, respectively and cor- 
responds to 7% and 3% errors for the re ,  dL scales, re- 
spectively. For the cases with a more realistic B + D de- 
composition ( B / D  < 1.7), these errors are decreased to  
-0.03 mag/arcsec2 for pe,  po and 4%, 2% for re ,  dL, re- 
spectively. The rms scatter of the global fits is typically 
(T N 0.03 mag/arcsec2. 
Table 3 lists the results of the B + D decomposition 
for oui sample (corrected for inclination using the angle 
derived from the ellipticity E ,  averaged for the best de- 
fined five outermost isophotes, and corrected for galactic 
extinction) together with the associated errors, and the 
rms scatter of the global fit for the UCM objects. 
2.6. Concentration indices and mean photometric 
param e t ers 
The use of the B + D decomposition to characterize the 
radial distribution of light in the galaxies presents some 
inherent problems. On the one hand, the empirical laws 
used for the B + D fit are just first approximations. On 
the other hand, the PSF effect can seriously affect the 
results of this decomposition. Therefore, additional crite- 
ria (concentration indices and mean surface brightnesses), 
independent of the decomposition procedure, have been 
also used to perform the morphological classification of 
the sample. 
Since the first works by de Vaucouleurs & Agüero 
(1973) and Fraser (1977), concentration indices (ratio be- 
tween two radii including given fractions of the total lumi- 
nosity of the galaxy) have been widely used as morphologi- 
cal indicators, mainly by de Vaucouleurs (1977); Okamura 
et al. (1984); Kent (198513); Gavazzi et al. (1990) and Doi 
et al. (1993). In this work, we have computed for al1 the 
UCM objects, by integration in the radial profiles, the ~ 3 1  
concentration index introduced by de Vaucouleurs (1977) 
and the ~ 4 2  index of Kent (198513). We have also calcu- 
lated the major (2a24) and minor (2624) axes at the 24 
mag/arcsec2 isophote, the equivalent radii of the 24 and 
24.5 mag/arcsec2 isophotes (T24 and r24.5) ,  the apparent 
magnitudes inside these isophotes ( ~ ~ 2 4  and m24.5), the 
effective radius (a,), the mean surface brightness inside 
the effective radius ( J i e ) ,  and the mean surface brightness 
inside the 24.5 mag/arcsec2 radius (Ji24.5); both bright- 
nesses were then corrected for galactic extinction. Finally, 
we have computed the concentration index ~ ~ ( 0 )  with a 
= 0.3, introduced by Doi et al. (1993) due to its utility 
to segregate among morphological types when it is jointly 
used with the mean surface brightness Ji24.5. Al1 these pho- 
tometric parameters are listed in Tables 4 and 5. In order 
to estimate the uncertainties in these parameters, a set of 
theoretical mode1 profiles was constructed. The applica- 
tion of Our integration method gives typical errors for the 
concentration indices from 2%, for the pure exponential 
profile models, to l O % ,  for the pure r1/4 models, and from 
l%, in exponential models, to 4%, in the r1/4 models, for 
the photometric radii. Since most of the UCM galaxies are 
disk dominated systems, the actual errors are close to the 
lower limits of the above uncertainties. Finally, estimated 
errors for the mean surface brightnesses are typically of 
O. i mag/arcsec2. 
3. Morphological interpretation of the photome- 
tric results 
One of the fundamental objectives of any photometric 
study of galaxies is to  achieve a reliable morphological 
classification. In Our case, this is a difficult task due to 
the small angular size of the objects in the UCM sample. 
Moreover any classification based only on their appear- 
ance on the direct image is always doubtful. In this work, 
we have jointly used both the information from the visual 
inspection of the images (appearance of the arms, signs 
of interaction or mergers, etc.) and the interpretation of 
the surface brightness profile obtained for each object, by 
means of its B + D decomposition and some photome- 
tric parameters (concentration indices and mean surface 
brightnesses, independent of any decomposition method). 
Therefore, with the aim of assigning a Hubble type to 
each object of the UCM sample, we have used five dif- 
ferent criteria from several authors, previously tested in 
large samples of galaxies with known Hubble types, al1 of 
them based in the correlations found between the photo- 
metric parameters and the Hubble type. These relations, 
and their limitations, are the following: 
- The correlation between BIT ratio and the Hubble 
type, where BIT is the ratio between the bulge and 
total luminosities of the galaxy (BIT = B / ( B  + D ) ) .  
This correlation, studied by Kent (1985b) for a sample 
of bright galaxies, is based on the well known trend of 
BIT to  decrease from early to later type galaxies; so for 
E-SO galaxies, the bulge component dominates over the 
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disk component, whereas for Sc galaxies the bulge con- 
tribution to the total luminosity is only -10% (Kent 
198513; Simien & de Vaucouleurs 1986). However, one 
must be aware of the limitations of this relation since 
there is a clear overlap between different Hubble types 
(Kent 1985b). 
- The dependence of the Hubble type of the galaxy on 
the position in the cin(a) versus p24.5 plane of Doi et 
al. (1993), elaborated from a large sample of nearby 
galaxies and applied to  other samples of galaxies with 
smaller apparent sizes. Studying the position of the 
galaxies with respect to the segregation line cin(a=0.3) 
= -0.12 p24.5 + 3.22, Doi et al. are able to classify 
successfully galaxies into early and late types in 85% 
of the cases. In spite of the inherent problems associ- 
ated to this statistical segregation, specially in the Sa 
contamination zone, the set of graphics elaborated by 
these authors allows a segregation of galaxies in four 
Hubble type groups. 
- The correlation between the ~ 3 1  concentration index, 
defined by de Vaucouleurs (1977), and the Hubble 
type, in the sense that indices of early type galaxies are 
systematically higher than those of late type objects, 
as Gavazzi et al. (1990) have also shown. The limita- 
tion of this method arises from the intrinsic scatter of 
the above relation, mainly for early type galaxies. 
- The correlation between the ~ 4 2  concentration index, 
defined by Kent (1985b), and the Hubble type, showing 
a similar trend and the same statistical problems as the 
~ 3 1  index. 
- The correlation between the mean surface brightness 
inside the effective radius, fie, and the morphological 
type. As Kent (1985b) has shown, pie gets brighter for 
early types, but the limitations of the method arise 
from the overlapping between different types together 
with the small change in the fie value from E to Sc 
types. 
In this work, galaxies are classified according to the clas- 
sical Hubble types (El SO, Sa, ..., Irr) plus the BCD (blue 
compact dwarf) type (due to the specific interest of these 
objects in the UCM survey). Since the BCD category 
usually encompasses objects with a wide variety of proper- 
ties, in the present work we classify as BCDs those galaxies 
having al1 of the following properties: compact appearance 
in the direct image, linear size (024) lower than 10 kpc, 
luminosity M, > -19, and photometric parameters typi- 
cal of later Hubble types. Moreover, since the true nature 
as BCD must be spectroscopically confirmed, the spectral 
information available for these candidates (Gallego et al. 
1995) has also been used. 
After a detailed analysis of the types given by each crite- 
rion, which in a number of cases do not agree, and using 
the information from the inspection of the direct image, 
we have assigned a final morphological type to  each object 
of the sample. This final type, taken as the most probable, 
has been estimated as that in which most criteria agree. 
Since this procedure is not completely objective, in Table 
6 we list for each UCM object the range of Hubble types 
according to each one of the five criteria, together with 
the final adopted type. The estimated typical uncertainty 
in the adopted morphological types is about one Hubble 
type. 
In Table 7 we present individual comments for each 
object of the UCM sample, including a brief description 
about the morphological classification. Alternative names 
for the objects with previous identifications are also given. 
In Fig. 1 we present, for each UCM object, a gray scale 
image, a contour map (in which isophotes are plotted 
in 0.5 mag/arcsec2 intervals) and the observed surface 
brightness radial profile with the B + D decomposition 
and the ( B  + D) fitted and PSF deconvolved profile (solid 
line) . 
4. Summary 
The UCM ELGs survey is being carried out with the main 
goals of identifying and studying new Young, low metal- 
licity galaxies and quantifying the properties of the star 
formation in the local universe. To achieve these purposes 
we are developing an intensive effort to  characterize pho- 
tometric and spectroscopically the nature of the selected 
objects. In this Paper 1 we have presented the T images, 
observations and reductions of a sample of ELGs selected 
from the UCM survey. For a sample of 212 UCM objects 
we have obtained the basic parameters (size and luminos- 
ity) and, via surface photometry techniques, a set of spe- 
cific photometric parameters (bulge+disk decomposition, 
concentration indices and mean surface brightnesses) have 
been computed to  characterize the luminosity profiles. Fi- 
nally, from this set of parameters, and using the known 
trends between them and the morphology, we have deter- 
mined a Hubble type for each ELG of the UCM sample. 
In a next Paper (Vitores et al. 1995) we will present a 
statistical analysis of the morphological parameters, both 
intrinsical to the UCM sample, and extrinsical in com- 
parison with other samples of normal and emission-line 
galaxies, and we will analyse the possible influence of en- 
vironment effects in the presence and nature of ELGs. 
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